The apparent size and depth of the objects in stereograms were measured by the method of transposition. In both apparent size and depth the stereograms with the concrete background were estimated more precisely than those without it and the stereograms with the larger binocular disparity were also estimated more precisely than those with the small disparity. In each stereogram size constancy was obtained. If an antogonistic relationship between the disparity and the background was set, the background was dominant as a cue over the disparity. The positive correlation between the estimation of the apparent size and that of the apparent depth, and the consistent individual tendency in the estimation were found.
The present study was to investigate the apparent size and depth of objects in photographs of tri-dimensional scenes and in drawings through stereoscope.
Many recent studies have demonstrated that when S observes photographs of threedimensional scenes monocularly, the photographs can induce compelling and highly realistic impression of objects in depth and S can accurately estimate the depth of objects in the photographs (Schlosberg, 1941; Smith & Gruber, 1958) . Smith and Smith (1961) have also reported that the photographs can serve efficiently as the distal stimuli for the motor response of tossing a ball to the distance targets, when viewed appropriately. Smith (1958) , moreover, showed that in the photographs size constancy of objects could he obtained.
In his experiments, reproductions of the Gibsonstakc-photographs were viewed monocularly with S's field of view restricted to the image-area. One of the photographs was modified by deleting all details except for the standard and variable stake. Both in complete photographs with all details and in impoverished photographs without them, S made size-constancy judgments.
In order to analyze the factors contributing to the estimation of size and depth and further to clarify the relationship between size and depth perceptions, however, it may be needed to examine the perception of photographs of tridimensional scenes not only in monocular viewing, but also in binocular viewing through a stereoscope. While a number of stereoscopic studies on depth perception have been attempted, those on size perception have scarcely been reported so far. Ogasawara (1937) investigated size constancy in stereoscopic vision. He used a photographic stereogram of two white balls on a table. From the observer's verbal reports, he analyzed the effects of several factors on the phenomenal sizes of the balls, and he suggested that the apparent size of the balls could be determined by the apparent depth of the balls, the degree of fusion of the images, the concreteness of the background, and so on. Though in this study many interesting suggestions were involved, the analysis of the results remained at the level of phenomenological observation. Oyama and Teraoka (1955) attempted to add quantitative to this study using the method of transposition, which was advocated by Oyama (1959) . Their analysis revealed positive correlations between the perceived size and the perceived distance and also between each of these and the S's stereoscopic ability as measured by the Umezu-Shimazu test (1952) .
However, the main emphasis in their study was placed on the individual difference of the depth and size perception in stereoscopic vision. Accordingly they did not sufficiently analyze factors influencing the perceived size and distance in stereoscopic vision. In the present paper, therefore, it was attempted to analyze the effects of some factors, on the apparent size and depth, specifically, the binocular disparity of the images, the concreteness of the background and the perspective arrangement of the stimulus objects. METHOD Subjects: Fourteen female college students were employed as Ss, who participated throughout all the experiments of this study. The average of their visual acuity was about 0.87, ranging from 1.5 to 0.4 which were measured by the Landholt rings. No correction of visual acuity was made.2 Apparatus : Pairs of stereographic prints were presented to S by means of a prism lens stereoscope. The stimulus holder was adjustable to permit the proper setting for a normal binocular fusion of the two stimuli. The distance of the stimulus holder from S' eyes, being set for a normal fusion, was able to be measured by means of the pointer attached on the stimulus holder. When this apparatus was placed on a standard-side table, the height of the eyepiece was a comfortable one for the seated S. Each member of a pair of stereographic prints on the stimulus holder was equally illuminated by a 100 w frosted bulb which was placed behind Ss seat, respectively. The luminance on each print was about 20 mL, measured by the photo-illuminometer.
Stimulus materials : The materials used in the experiments were several pairs of stereographic prints in which two white balls were placed in particular arrangements against various backgrounds ; some of them are shown in Fig. 1 .
The stereograms A-6 and A-10 were photographed of the actual situation of which the plane view was shown in Fig. 2 . The actual diameter of the left (near) ball was 9.3 cm and that of the right (far) ball 18. 6 cm. The distance of the left ball from the photographing The scenes of A-6 and A-10 were those of two white balls placed on a laboratory table against the background, consisting of a screen, a wall, chairs and so on : that is, they have organized, articulated, and concrete configurations. The scenes of B-6 and B-10 were the same as those of A-6 and A-10, except that the background consisted of a black curtain which was hung at about 182 cm behind the right (far) ball. It may be considered more or less impoverished configuration. The disparity, the primary perspective arrangement, and the shading in the images of the balls were included in C-6 and C-10, the impoverished photographs of which were made by deleting out all discriminable details except for the images of the two balls. In D-6, D-10, E-6 and E-10, two out line circles, 0.8 mm wide, were drawn perspectively in each piece of the pair on white paper in Indian ink. The disparity and the primary perspective arrangement in the images of the balls were included in D-6 and D-10, while only the disparity of the images was left in E-6 and E-10.
The dimension of each member of the paired stereograms was 7.5 cm X 5.5 em.
Procedure; S was informed that he was to view a series of photographs in the apparatus and was to estimate the apparent sizes and the apparent depths of the two balls.
Prior to the estimation on the apparent size and depth, five stereograms of the Ishiwara Series were presented to S as the training series, S was asked to adjust the setting so that some tion and then S actually practiced them, using two stereograms until he mastered them. The sequence of the stereograms mentioned above was then presented. Each pair of stereograms was randomly presented four times to each of fourteen Ss. In each presentation of the stereogram pairs the apparent depth of the two balls was estimated at first and then the apparent size was estimated. No time limit for observation was imposed.
EXPERIMENT I-A Experiment I-A was chiefly concerned with the effects of the background and of the disparity of the images of the balls on the estimations of their apparent sizes and depths.
A-6, A-10, B-6, B-10, C-6 and C-10 were used as the stimulus material. These six pairs of stereograms were made of photographs in which besides the background and the disparity, the shading and perspective arrangements were involved as cues for depthperception.
The six stereogram pairs mentioned above were presented four times to each S. Consequently S estimated twenty four times both the apparent depths and the apparent sizes of the two balls.
Results: Table 1 shows the averages of fourteen Ss' estimations on the apparent size and the SDs regarding six stereograms, and Table 2 also shows those on the apparent depth and the SDs. The results on the apparent size were shown by the average diameters of the right circles on the transposition cards which were chosen by Ss, and those on the apparent depth by the average extents from the lower ends to the marks which were checked by Ss on the right lines of the transposition charts. That is, the figures in Table 1 represent the apparent size of the right ball, when the apparent size of the left ball was represented by the diameter (50 mm) of the left circles on the transposition cards, and those in Table 2 represent the apparent depth of the right hall, when the apparent depth of the left ball was represented by the extents (60 mm) of the left lines on the transposition charts. The ratio of the apparent size of the right ball to that of the left ball and the ratio of the apparent depth of the right ball to that of the left ball were shown, respectively, in the parentheses of these tables. It is found in these tables that the apparent size of the right ball was larger than 50 mm i.e., the apparent size of the left hall on the transposition cards, while the ratios of the apparent size of the right ball to that of the left ball was in each case somewhat smaller than the ratio of the actual size of the right ball to that of the left ball, 2: 1. This indicates that, though not complete, the size constancy of the right ball was obtained in all stereograms. It is also found that the ratios of The product moment coefficient of correlation between the estimations of the apparent size and those of the apparent depth was computed for each stereogram; A-6=0.06, A-10=0.04, B-6=0.03, B-10 =0.17, C-6=2,09, C-10=0.63, respectively; only the correlation in regard to C-10 was significant beyond the 5% level (df=12).
These results indicate that both of the larger disparity and the concrete background were more effective in estimating the apparent size and depth of the balls in terms of the stereograms than the small disparity and the impoverished background. However, it may be said that the concreteness of the background did not always function efficiently in the estimations of them.
EXPERIMENT I-B Experiment I-B was further planned to analyze the effects of the background and the disparity and also to compare each other.
In this experiment the members of each stereogram pair were presented at the reversed position in comparison with that in the previous experiment; that is, the members of stereogram pairs which had been presented at the left side in Exp. I-A were presented at the right side in Exp. I-B, and the other members which had been presented at the right side in Exp. I-A were presented at the left side in Exp. I-B. These stereograms were named " A' B' and C' ", corresponding to the stereograms A, B and C in Exp. I-A respectively.
It may he considered that in these stereograms the disparity of the images of the balls and the background including the shading and the perspective arrangement have the antagonistic relationship in regard to cues for apparent size and depth, compared with the normal stimulus situation such as the stereograms A, B and C. If S had predominantly used the disparity as a cue for the apparent size and for the apparent depth, he should have estimated the right ball smaller and nearer than the left ball.
The procedure in Exp. I-B was the same as in Exp. I-A, except that instead of the stereograms A, B and C the stereograms A', B' and C' were employed as the stimulus material.
Results: The results of this experiment are shown in Tables 4 and 5 . Size constancy in the right ball may still be found in both stereograms of A's (A'-6 and A'-10) and of B's (B'-6 and B'-10), while the apparent size of the right ball in the stereograms of C's (C'-6 and C'-10) was nearly equal to the apparent size of the left ball. As to the apparent depth, the right ball was estimated approximately twice farther than the left ball in the stereograms of A's and B's. This indicated that in these stereograms the apparent relation of the depth of the right ball to that of the left ball was estimated nearly equal to the actual relation between them, the stereographic prints of which photographed. On the other hand, the apparent relation between them in the stereograms of C's (C'-6 and C'-10) was estimated nearer than the actual relation between them. This suggests that in the stereograms of C's, the effect of the disparity becomes more or less effective, competing with the effect of the background which includes the shading and the perspective arrangement. In these tables, moreover, the difference in the background was found in both apparent size and depth, but that in the disparity did not sufficiently ap- the 1% level, and that in A'-6 beyond the 5% level (df=12). From these results it may be seen that in the stereograms which have an antagonistic relationship as to these factors, the factor of the background can be more predominantly effective in estimating of the apparent size and depth than the factor of the disparity of the images although the difference between stereograms of A's and of B's was not still found significant.
EXPERIMENT II-A Experiment II-A was attempted to analyze the effects of the disparity and the perspective arrangement.
Four pairs of stereogram, D-6, D-l0, E-6 and E-10, were used as the stimulus material. These stereogram pairs drawn on white paper varied in the disparity and the perspective arrangement of the images of the balls.
These four stereogram pairs were presented four times to each S. The rest of the procedure was the same as in Exp. I-A.
Results: The results shown in Tables 7  and 8 indicate that the size constancy of the right ball was still obtained in each stereogram, and that the relation of the apparent depth of the right ball to that of the left ball was estimated approximately equal to the actual relation between them. It is also found that both apparent size and depth in the stereograms with the large disparity (D-10 and E-10) were generally estimated larger than those in the stereograms with the small disparity (D-6 and E-6), respectively, and that the apparent size and the apparent depth in D-6 and D-10 with the perspective arrangement were consistently estimated larger than those in E-6 and E-10 without them.
The analysis of variance shown in Table  9 indicates that in the apparent size the arrangement (A), the disparities (D), the individuals (I) and the interaction between the arrangements and the individuals A X were all significant when the secon- only the correlation regard to E-10 was significant (df=12).
EXPERIMENT II-B Experiment II-B was planned further to analyze the effects of the perspective arrangement and the disparity. D'-6, D'-10, E'-6 and E'-10, each member of which was placed in the reverse position to each member of stereograms of Ds and Es, were employed as the stimulus material. The residual procedure in the experiment was the same one as that in Exp. II-A.
Results: The results of this experiment are shown in Tables 10 and 11 . It is found that all the estimations of the apparent size of the right ball were smaller than 50 mm, the apparent size of the left circle on the transposition cards, and also that the apparent depth of the right ball were all estimated nearer than that of the left ball. Even in E'-10, however, the estimation of the apparent size of the right ball was larger than 25 mm, that is, the value which was expected on the basis of the disparity, although the apparent depth of the right ball was estimated approximately as a half of that of the left ball.
It is further found that in each arrangement condition the apparent size and the apparent depth of the right ball in the stereograms with the large disparity (D'-10 and E'-10) were estimated smaller than those in the stereograms with the small disparity (D'-6 and E'-6), respectively, and also that in each disparity condition its apparent size and depth in the stereograms without the perspective arrangement (E'-6 and E'-l0) were estimated smaller than those in the stereograms with them (D'-6 and D'-10), respectively.
The individual data for each S, however, showed that in opposition to the cue of the disparity, three Ss estimated the right ball larger than the left ball in D'-6, five Ss in D'-10, and one S in each of E'-6 and E'-10, and then that six Ss estimated the right ball farther than the left ball in D'-6, six Ss in D'-10, and one S in each of E'-6 and E'-10. The Ss who estimated the right ball farther than the left ball generally estimated the former larger than the latter.
The analysis of variance on the result of the apparent size and that of the apparent depth are separately shown in Table  12 . In the apparent size the effects of the arrangements (A), the disparities (D), the individuals (I), the interaction bet- (1) The apparent size (2) The apparent depth objects could be obtained in impoverished photographs, even they were viewed monocularly. In the present experiments S viewed binocularly the objects in the photographs of the drawings through the stereoscope. Accordingly it may be expected that even in the impoverished stereograms such as stereograms of Ds and Es the size constancy of the balls can be sufficiently obtained.
As to the relation between the disparity and background, the results of Exp. I-B in which the disparity had the antagonistic relationship to the background including the shading and the perspective arrangement, suggested that in the estimation of the apparent size and depth the effect of the background was generally dominant, compared with the effect of the disparity. The results of Exp. II-B showed that when the disparity had the antagonistic relationship only to the primary perspective arrangement, or only the disparity was involved as the cue, the effect of the disparity appeared and that Ss could estimate the apparent size and depth according to the disparity. Accordingly it seems, moreover, to be suggested that the factor of the disparity does not always function efficiently in estimating the apparent size and depth and the effect of the disparity may be determined with its relation to the other cues.
On the other hand, these results of Exps. showed that the balls in stereograms of Bs which are more or less considered impoverished were estimated larger and farther than stereograms of As which are considered to have a concrete, articulated configuration, although the difference between them was insignificant. It may, therefore, be said that the concreteness of the background also is not always effective in estimating the apparent size and depth, even if it exists. As for the reasons why the effect of the most concrete, articulated background in Exp. I-A was not so sufficiently found as it was expected, it will be considered as follows:
1) First, even in stereograms of Bs was involved the clear perspective line consisting of the edges of the table, besides the shading and the perspective arrangement of the images of the two balls. It may therefore be considered that many efficient cues for the apparent size and depth were still sufficiently involved in stereograms of Bs, and that the difference between stereograms of As and of Bs could not thus be found.
2) However, only this argument can not explain the tendency that the estimations in stereograms of A's were more or less overestimated than those of Bs in Exp. I-B. It may moreover be suggested that if efficient cues for the apparent size and depth abundantly existed such as in stereogram of Bs, a further increase in the concreteness of the background could no more be effective in estimating the apparent size and depth. It seems, on the other hand, that if the disparity is set up to have the antagonistic relationship to the concreteness of the background, as in Exp. I-B, the factor of the latter begins to function, competing with that of the former.
3) As Ogasawara (1933) suggested, it may he considered that the concreteness of the background is more effective in estimating of the absolute size and depth of objects rather than in estimating the apparent size and depth. In the present experiments, S was asked to estimate the apparent size and depth of the objects. Accordingly it might be found that the effect of the concreteness of the background would be more clearly obtained, if S would be asked to estimate their absolute size and depth.
These arguments should be tested by further experimentation.
As to the relation between the apparent size and depth, Oyama and Teraoka (1955) found the positive correlations between the perceived size and the perceived distance. In the present study, the positive correlation between the estimations of the apparent size and those of the apparent depth found was also in each stereogram of Exp. I-B and Exp. II-B where the disparity had the antagonistic relation to the background, although the correlation in each stereogram in Exps. I-A and II-A where the disparity had a normal relation to the background was mostly insignificant.
It should moreover be noted that the individual difference was highly significant throughout all the present experiments. The coefficient of concordance in the estimations of each stereogram for fourteen Ss was separately obtained for the apparent size and the apparent depth, in Exps. I-A and II-A, and in Exps. I-B and II-B, respectively; in Exps. I-A and II-A it was 0.81 for the apparent size and 0.57 for the apparent depth; in Exps. I-B and II-B it was 0.46 for the apparent size and 0.39 for the apparent depth; they were all significant beyond the 1% level except for the value of the apparent depth in Exps. I-B and II-B (df =4). Oyama and Teraoka also reported that the positive correlation between either of the perceived size and the perceived depth on the one hand and the S's stereoscopic ability as measured by the Umezu-Shimazu test (1952) on the other hand. A further research on the analysis of the relation between the apparent size and the apparent depth, and between these individual differences and S's stereoscopic ability will be needed.
In the present experiments the factors of the disparity, the convergence and the accommodation all were dealt indivisibly. Accordingly the effects of the convergence and the accommodation and others in the estimation of the apparent size and depth in stereoscopic vision should be analyzed by further experiments. SUMMARY In the present paper an attempt was made to analyze the effects of some factors on the apparent size and the apparent depth of the objects in stereoscopic vision.
S was asked to view photographic stereograms of two white balls and drawing stereograms of two circles and to estimate the apparent relation of the apparent size and that of the apparent depth in the two objects by the method of transposition.
The stereograms which had the normal relationship between the disparity and the scene of the background were used in Exps. I-A and II-A, and the stereograms which had the antagonistic relationship between them were used in Exps. I-B and II-B.
The results in Exps. I-A and II-A showed that in both apparent size and depth the stereograms with the detailed scene of background were estimated more precisely than those without it, and the stereograms with the large disparity were also estimated more precisely than those with small disparity, and also that the size constancy of the objects was obtained in each stereogram. The results of Exps. I-B and II-B showed that if an antagonistic relationship between the disparity and the background existed, the effect of the background increased with an increase in the concreteness of the background, competing with the disparity and, on the other hand, that 
